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ABSTRACT 


Results  of(an  experimental  investigation  to  determine  the  stagnation 
point  velocity  gradients  for  a  family  of  blunt  axisymmetric  shapes  at 
hypersonic  Mach  numbers  are  presented.  Data  presented  in  the  form  of 
model  pressure  distributions  and  stagnation  point  Mach  number  gradients 
are  compared  with  existing  data  and  theories.  Although  not  accurately 
predicting  the  results,  Newtonian  theory  is  shown  to  provide  a  good  basis 
for  data  correlation.  Variations  in  model  pressure  distribution  and  stag¬ 
nation  point  Mach  number  gradient  from  free -stream  Mach  number  6  to 
10  were  small  and  essentially  within  experimental  precision.  Model 
bluntness  ranged  from  a  hemisphere -cylinder  to  a  flat -nose -cylinder, 
and  data  were  obtained  at  free-stream  Mach  numbers  6,  8,  and  10  and 
a  nominal  Reynolds  number  of  1.0  x  10®,  based  on  model  diameter. 
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SECTION  I 
INTRODUCTION 


The  evolution  of  space  flight  has  presented  man  with  the  problem  of 
an  atmospheric  re-entry  from  orbital  heights  at  extremely  high  speeds. 
Aerodynamic  heating  is  one  of  the  major  problems  encountered  in  re¬ 
entry  flight.  Limitations  in  the  development  of  cooling  techniques  have 
precluded  the  use  of  the  more  aerodynamically  desirable  sharp-nose 
lifting  configurations.  All  current  and  past  United  States  manned  space 
flight  efforts  (Mercury,  Gemini,  and  Apollo)  utilize  spacecraft  .diich 
present  a  blunt  spherical  shaped  heat  shield  to  the  high  energy  flow 
experienced  during  re-entry. 

Hypersonic  convective  stagnation  heating  has  been  shown  theoretically 
by  Fay  and  Riddell  (Ref.  1)  to  be  dependent  on  the  square  root  of  the  sur¬ 
face  velocity  gradient  at  the  stagnation  point.  Theoretical  or  experimental 
determination  of  the  stagnation  point  velocity  gradient  is  therefore  re¬ 
quired  to  predict  the  stagnation  heating  of  a  particular  configuration. 

Theoretical  prediction  of  the  pressure  distribution,  and  therefore  the 
velocity  distribution,  of  hemispherical  shaped  bodies  in  hypersonic  flow 
has  been  accomplished  with  considerable  success  using  modified  Newtonian 
theory  as  was  demonstrated  recently  by  Clark.  However,  as  bluntness 
is  increased  beyond  that  of  the  hemisphere,  the  Newtonian  prediction 
becomes  less  accurate.  Several  analytic  and  numerical  solutions  for 
the  blunt  body  flow  problem  have  appeared  in  the  literature,  for  example 
Refs.  3  and  4.  In  spite  of  considerable  analytic  study  of  the  problem, 
there  are  little  hypersonic  wind  tunnel  data  available  for  substantiation  of 
the  theoretical  work.  The  purpose  of  this  study  was  to  provide  experimen¬ 
tal  data  in  the  hypersonic  flight  regime  (data  were  obtained  at  nominal  Mach 
numbers  6,  8,  and  10)  suitable  for  correlation  with  existing  theories.  The 
tests  were  conducted  in  the  AEDC  von  Karman  Facility's  50-in.  hypersonic 
tunnels  (Gas  Dynamic  Wind  Tunnels,  Hypersonic  (B)  and  (C)). 

A  family  of  bodies  with  spherically  blunted  noses  ranging  in  bluntness 
from  the  hemisphere  to  the  flat-nose  cylinder  was  studied  (the  flat-nose 
cylinder  is  considered  a  spherical  segment  of  infinite  radius).  The 
manned  spacecraft  mentioned  previously  are  members  of  this  family. 

A  similar  study  has  been  conducted  at  supersonic  speeds  (M^  =  2.01  to 
4.  76)  by  Boison  and  Curtiss  (Ref.  5).  Particular  emphasis  was  given 
the  stagnation  point  velocity  gradient,  or  a  form  thereof,  because  of  its 
importance  in  aerodynamic  heating.  Newtonian  theory  was  used  as  a 
correlation  basis  for  the  data. 
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SECTION  II 

THEORETICAL  ANALYSIS 


It  is  well  known  that  for  simple  applications,  the  Newtonian  theory 
for  the  prediction  of  pressures  acting  on  hypersonic  vehicles  is  remark¬ 
ably  accurate.  A  thorough  analysis  of  the  development  of  this  theory 
was  given  by  Hayes  and  Probstein  (Ref.  6),  and  an  example  of  its  utility 
and  application  was  given  in  Ref.  7. 


For  the  purpose  of  this  study,  a  modified  form  of  the  Newtonian 
theory  is  used  as  shown  in  Eq.  (1). 


cos2  6 


Use  of  the  definition  of  Cp  and  algebraic  manipulation  gives 


P  P 

—  =  cos2  0  •!  —  sin2  0 

P*  Ps 


(1) 


(2) 


Assuming  an  isentropic  expansion  of  a  perfect  gas  from  a  reservoir  at 

the  stagnation  point  of  the  model,  —  may  also  be  expressed  as 

Ps 

-Y 


(3) 


Substitution  of  Eq.  (3)  into  Eq.  (2)  gives 


('  -  ~  v)  >■  - 


1  =  cos2  6  +  —  sin2  6 

Ps 


(4) 


Differentiation  of  Eq.  (4)  with  respect  to  Mjg  and  9  considering  and 


7  constant  gives 


Ps 


d  M(' 

~w 


26 


fe- ') 


-2  yt-1 


(5) 


9  and  Mjg  are  both  zero  at  the  stagnation  point,  and  the  derivative  obtained 
in  Eq.  (5)  is  observed  to  be- indeterminate  for  this  condition.  However, 
application  of  l'Hospital's  rule  to  Eq.  (5)  and  setting, 0  and  equal  to 
zero  yields  the  usable  form: 


(6) 
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In  order  to  make  Eq.  (6)  applicable  to  the  experimental  study,  6  is 
represented  in  terms  of  arc  length  and  nose  radius  giving 


(7) 


Nondimensionalizing  S  with  the  sonic  arc  length  S*  gives 


Noting  that 


S* 

Rn 


is  equivalent  to  6 *,  Eq.  (8)  is  rewritten: 


(8) 


O) 


For  an  isentropic  expansion  of  a  perfect  gas,  ■^ee-  is  a  function  of  M0  and 
/dMj?X  Ps 


7. 


is,  therefore,  determined  by  0*,  M,,,,  and  7. 


S* 


Conversion  of  the  stagnation  point  Mach  number  gradient 


the  stagnation  point  velocity  gradient  as  required  by  the  Fay  and 
Riddell  heat-transfer  theory  (Ref.  1)  is  easily  accomplished  as  shown  in 
Eq.  (10): 


(10) 


Calculation  of  0*  by  the  Newtonian  theory  is  accomplished  by  equating 
Eq.  (2)  to  the  sonic  pressure  ratio  and  solving  for  Q.  The  sonic  pressure 
ratio  is  obtained  from  Eq.  (3)  by  letting  =  1 


Ps 


(11) 


/dMj\ 

Substitution  of  Eq.  (11)  into  Eq.  (9)  would  provide  an  equation  for  [  ,S  J 

VW, 

dependent  on  M,,  and  7.  It  is  important  to  note,  however,  that  Eq.  (11) 
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may  not  apply  for  a  spherical  nose  segment  which  is  terminated  (or  cut) 
at  a  0  less  than  the  calculated  0*.  If  the  surface  following  the  cut  per¬ 
mits  a  flow  expansion  to  sonic  velocity  at  the  cut,  the  sonic  point  loca¬ 
tion  is  fixed.  In  this  case,  the  logical  choice  for  0=Mn  Eq.  (9)  is  not 
the  Eq.  (11)  value  but  the  0  of  the  cut. 


SECTION  III 
APPARATUS 


3.1  MODELS 

The  four  spherically  blunted  cylinder  models  used  for  the  study  are 
illustrated  in  Fig.  1.  A  photograph  of  the  models  is  presented  in  Fig.  2. 
The  models  were  constructed  of  stainless  steel  and  were  mounted  in  the 
wind  tunnels  by  means  of  a  sting  supported  base  plate.  The  cylinder 
diameter  of  each  model  was  5.  800  in. ,  and  the  cylinder  length  varied 
from  4.  00  in.  for  Model  A  to  5.  20  in.  for  Model  D.  The  model  support 
sting  diameter  was  2.5  in. 

Model  A,  the  flat-nose  cylinder,  was  instrumented  with  nineteen 
0.067-in.  -diam  pressure  orifices.  Orifice  spacing  was  in  0.  145-in. 
intervals  from  the  geometric  center  of  the  model  to  the  nose -cylinder 
junction  excluding  the  S  =  0.  145  and  2.  900  points. 

Model  B,  nose-to-cylinder  radius  ratio  of  4,  was  instrumented  with 
eight  0.040-in.  -diam  pressure  orifices.  Orifice  spacing  was  in  8  =  2-deg 
increments  from  the  model  geometric  center  (0  =  0)  to  0  =  14  deg.  The 
nose-cylinder  junction  was  at  0  =  14.48  deg. 

Model  C,  nose-to-cylinder  radius  ratio  of  2,  was  instrumented  with 
ten  0.040-in.  -diam  pressure  orifices.  Orifice  spacing  was  in  0  =  3-deg 
increments  from  the  model  geometric  center  (0  =  0)  to  0  =  27  deg.  The 
nose- cylinder  junction  was  at  0  =  30  deg. 

Model  D,  the  hemisphere  cylinder,  was  instrumented  with  ten 
0.067-in.  -diam  pressure  orifices.  Orifice  spacing  was  in  0  =  10-deg 
increments  from  the  nose  geometric  center  (0  =  0)  to  0  =  90  deg  at  the 
nose-cylinder  junction. 
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3.2  WIND  TUNNELS 

Tunnels  B  and  C  are  continuous,  closed- circuit,  variable  density 
wind  tunnels  with  axisymmetric  contoured  nozzles  and  50 -in.  -diam  test 
sections.  Tunnel  B  operates  at  a  nominal  Mach  number  of  6  or  8  at 
stagnation  pressures  from  20  to  300  and  from  50  to  900  psia,  respec¬ 
tively,  at  stagnation  temperatures  up  to  1350°R.  Tunnel  C  operates  at 
a  nominal  Mach  number  of  10  or  12  at  stagnation  conditions  from  200 
to  2000  psia  at  1900°R  and  600  to  2000  psia  at  2400°R,  respectively. 

The  model  may  be  injected  into  the  tunnels  for  a  test  run  and  then  re¬ 
tracted  for  model  cooling  or  model  changes  without  interrupting  the 
tunnel  flow.  A  description  of  the  tunnels  may  be  found  in  Ref.  8. 


3.3  INSTRUMENTATION 

The  basic  measurements  for  this  study  were  the  model  surface 
pressures.  These  pressures  were  measured  with  15-psi  differential 
transducers  referenced  to  a  near  vacuum.  Individual  pressure  orifices 
were  selectively  connected  to  the  transducers  by  means  of  rotary  valves. 
A  pressure  transducer  and  a  thermocouple  were  used  to  measure  the 
wind  tunnel  stagnation  pressure  and  temperature,  respectively.  After 
anal og-to- digital  conversion  of  the  measurements,  data  reduction  was 
performed  with  an  ERA  1102  digital  computer. 


SECTION  IV 
PROCEDURE 


4.1  EXPERIMENTAL  TECHNIQUE 

Two  basic  problems  are  encountered  in  the  experimental  determina¬ 
tion  of  stagnation  point  velocity  gradients  on  blunt  bodies.  First,  the 
velocity  in  the  stagnation  region  is  relatively  low,  and  the  pressure  and 
velocity  gradients  are  low  compared  to  those  of  less  blunt  shapes.  The 
result  is  that  determination  of  small  pressure  gradients  at  relatively 
high  pressure  levels  is  required.  Secondly,  blunt  model  pressure  dis¬ 
tributions  are  distorted  by  relatively  small  free -stream  flow  nonuniformi¬ 
ties  in  the  area  of  the  model  nose.  Several  steps  were  taken  to  overcome 
these  problems. 

Model  pressures  in  the  stagnation  region  were  recorded  by  a  single 
pressure  transducer,  thereby  essentially  eliminating  variations  in  indi¬ 
cated  pressure  levels  caused  by  transducer  nonlinearities  and  zero  shifts 
between  transducers. 
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Free-stream  flow  calibrations  obtained  from  pitot  pressure  measure¬ 
ments  were  examined  to  determine  test  section  regions  of  most  nearly 
uniform  flow.  In  some  cases,  flow  calibrations  were  obtained  immediately 
prior  to  the  tests.  These  efforts  enabled  testing  of  the  models  in  a  free- 
stream  flow  uniform  within  0.035  Mach  number  (A(p/ps)  =  ±1  percent). 
Further  effort  to  nullify  any  remaining  effects  of  free-stream  flow  non¬ 
uniformities  was  made  by  rolling  the  model  about  its  axis  to  obtain  data 
in  several  different  planes.  From  five  to  seventeen  sets  of  data  were 
obtained  for  each  model  in  this  manner.  These  data  were  then  averaged 
to  provide  the  most  likely  model  pressure  distribution.  Approximately 
95  percent  of  all  model  pressure  measurements  fell  within  ±1  percent 
of  the  average  values. 

The  tests  were  conducted  at  a  free-stream  Reynolds  number  of 
1.0  x  106,  based  on  model  diameter,  when  possible.  Some  deviation 
from  this  condition  was  unavoidable  because  of  wind  tunnel  operational 
problems.  The  data  were  obtained  at  zero  angle  of  attack,  that  is,  with 
the  model  axis  aligned  with  the  free-stream  flow. 

Test  conditions  are  listed  below: 


TEST  CONDITIONS 


Model 

M. 

Re0  x  106 

Po»  Psia 

T0,  °R 

ps,  psia 

A 

6.02 

1.0 

112 

850 

3.  2 

A 

8.  00 

1.0 

435 

1290 

3.  7 

A 

10.  12 

0.  8 

1200 

1845 

3.4 

B 

6.02 

1.0 

112 

850 

3.  2 

B 

8.00 

1.0 

435 

1290 

3.  7 

B 

10.  22 

1.0 

1700 

1900 

4.  6 

C 

6.  02 

1.0 

112 

850 

3.  2 

C 

8.00 

1.0 

435 

1290 

3.  7 

C 

10.  22 

1.0 

1700 

1900 

4.  6 

D 

6.03 

1.3 

150 

850 

4.3 

D 

7.  99 

0.  9 

400 

1290 

3.  4 

4.2  DATA  PRECISION 


Estimates  of  the  precision  of  the  results  of  this  study  are  presented 
below: 
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DATA  PRECISION 


Measurement 

P 

Rn 

S 

Ts 


Magnitude  of  Measurement 
1. 5  to  4.  6  psia 
2.  9  to  11. 6  in. * 

0  to  3.  04  in. 

850  to  1900°R 


Estimated  Error 
±0. 5  percent 
±0.  005  in. 

±0. 005  in. 

±1  percent 


0.  3  to  0.  9 


±0.  02 


♦For  Model  A,  Rn  =  ®,  and  the  error  quoted  applies  to  the  deviation  in 
flatness  of  the  nose. 


4.3  DATAANLYSIS 

Based  on  the  Newtonian  prediction  of  the  hemisphere  sonic  point  loca¬ 
tion,  it  was  estimated  that  for  Models  A,  B,  and  C  the  entire  nose  region 
flow  would  be  subsonic.  Also,  since  a  sharp  corner  and  a  minimum  expan¬ 
sion  angle  of  60  deg  existed  at  the  nose- cylinder  junction,  it  was  assumed 
that  the  sonic  point  for  these  models  would  be  fixed  at  the  corner.  The 
Model  D  sonic  point  was  expected  to  occur  at  a  6  of  about  42  deg.  Con¬ 
sidering,  then,  that  the  flow  in  the  region  of  interest  would  be  subsonic, 
a  method  of  data  analysis  was  sought.  Boison  and  Curtiss  (Ref.  5)  used 
an  incompressible  approach  to  the  problem;  however,  this  restriction 
need  not  be  imposed  if  the  compressible  flow  relationships  are  used. 
Knowledge  of  the  model  surface  pressure  distribution  allows  a  descrip¬ 
tion  of  the  nose  region  flow,  providing  the  following  assumptions  are 
made: 

1.  The  flow  follows  an  isentropic  expansion  of  a  perfect  gas 
from  a  reservoir  at  the  stagnation  point. 

2.  The  static  pressure  is  constant  through  the  boundary  layer  in 
the  direction  normal  to  the  model  surface. 

3.  The  stagnation  or  reservoir  temperature  is  known. 

The  assumption  of  an  isentropic  expansion  of  a  perfect  gas  from  the 
stagnation  point  was  verified  experimentally  by  Crawford  and  McCauley 
(Ref.  9)  by  making  near  surface  pitot  pressure  surveys  on  a  hemisphere 
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at  a  free-stream  Mach  number  of  6,  8.  Application  of  assumptions  1  and 
2  permits  conversion  of  the  model  surface  pressure  distributions  to 
model  surface  Mach  number  distributions  by  means  of  the  compressible 
flow  tables  (Ref.  10).  As  previously  mentioned,  the  Model  A,  B,  and  C 
sonic  points  were  assumed  to  be  at  the  nose- cylinder  junction.  Location 
of  a  pressure  orifice  to  verify  this  assumption  was  not  mechanically 
practical.  For  Model  D,  however,  the  pressure  data  were  plotted  to 
determine  the  experimental  sonic  point  location.  The  surface  distance 
was  nondimensionalized  with  the  sonic  distance  S*  for  all  models  in 
order  to  avoid  scaling  effects  in  the  data  presentation. 

Plotting  the  surface  (or  local)  Mach  number  distributions  as  a 

S 

function  of  —  permitted  an  examination  of  the  effects  of  body  contour 
S3* 

without  regard  to  scaling  or  temperature  effects.  Evaluation  of  the 
stagnation  point  Mach  number  gradient  was  accomplished  by  obtaining 

S 

the  slope  of  the  MP  versus  curves  at  the  stagnation  point.  Conver- 

/dMjA 

sion  of  the  stagnation  point  Mach  number  gradient  l  S_  I  to  the  stag- 

\S*/s 

nation  point  velocity  gradient,  as  required  for  heat-transfer  calcula¬ 
tions  (Ref.  1),  may  be  accomplished  as  previously  shown  in  Eq.  (10). 

As  indicated  in  assumption  1,  an  isentropic  expansion  of  a  perfect 
gas  has  been  assumed  for  the  data  presented.  The  test  gas  for  this 
study  was  air,  and  the  value  used  for  y  was  1.4.  For  the  present  test 
conditions,  the  maximum  error  in  local  Mach  number  attributable  to 
the  perfect  gas  assumption  would  be  less  than  one  percent. 


SECTION  V 

RESULTS  AND  DISCUSSION 


Experimental  pressure  distributions  obtained  from  Models  A,  B, 

C,  and  D  are  graphically  presented  in  Fig.  3  and  tabulated  in  Table  I. 
All  data  presented  represent  average  values  obtained  in  the  manner 
described  in  Section  4.  1.  Newtonian  theory  predictions  are  shown 
with  each  set  of  data  and  were  calculated  from  Eq.  (2)  after  converting 
6  to  S/S*.  As  expected,  agreement  between  the  data  and  Newtonian 
theory  was  poor  for  Model  A  (Fig.  3a)  and  improved  as  bluntness 
decreased  such  that  for  Model  D  (Fig.  3d)  the  agreement  was  excellent. 
Calculations  by  Gold  and  Holt  (Ref.  11)  for  the  Model  A  pressure  dis¬ 
tribution  at  Mach  number  5,  8  using  the  Belotserkovskii  method  are 
shown  in  Fig.  3a  and  are  in  reasonable  agreement  with  the  data. 
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The  Van  Dyke  prediction  for  the  Model -D'  pressure  distribution 
(Fig.  3d)  was  obtained  from  calculations  by  C.  H.  Lewis  of  the  von 
Karman  Facility  and  the  calculation  procedure  was  described  in 
Ref.  12.  This  prediction  is  slightly  lower  than  the  Newtonian  predic¬ 
tion  but  is  also  in  excellent  agreement  with  the  data.  Mach  number 
effects  on  the  model  pressure  distributions  over  the  range  tested  were 
not  apparent  with  the  possible  exception  of  Model  B  (Fig.  3b).  The 
M.  =  10  data  for  this  model  were  consistently  higher  than  those 
obtained  at  M,,,  =  6  or  8.  Model  D  Mach  number  10  data  were  pre¬ 
viously  measured  in  Tunnel  C  and  reported  by  Clark  in  Ref.  2.  These 
data  were  used  for  the  present  study. 

For  Models  A,  B,  and  C  the  sonic  point  location  was  assumed  to 
be  geometrically  fixed  at  the  model  shoulder;  however,  for  Model  D 
the  sonic  point  was  experimentally  (and  theoretically)  determined.  The 
sonic  point  was  located  by  interpolation  between  data  points  at  a  value 
of  p/ Ps  =  0.  528.  To  aid  in  the  use  and  interpretation  of  the  Model  D 
data,  sonic  point  location  as  a  function  of  Mach  number  is  snown  in 
Fig.  4.  Data  published  by  Kendall  (Ref.  13)  and  Boison  and  Curtiss 
(Ref.  5)  are  included  to  provide  continuity  of  the  present  results  with 
lower  Mach  number  (1.8  to  4.  8)  data.  An  empirical  correlation  from 
Ref.  2  along  with  Newtonian  and  Van  Dyke  sonic  point  location  predic¬ 
tions  are  included  in  Fig.  4.  The  Van  Dyke  and  empirical  correlation 
values  are  in  good  agreement  with  the  experimental  results.  The 
Newtonian  prediction  is  high  relative  to  the  data  and  other  results  but 
does  follow  the  general  trend  with  Mach  number.  Mach  number  1.  82 
data  from  Ref.  5  were  obtained  with  a  model  which  was  terminated  at 
0  =  0.  785  (45  deg),  thereby  apparently  forcing  the  sonic  point  to  occur 
at  a  0  less  than  that  for  a  complete  hemisphere. 

Model  local  Mach  number  distributions  as  determined  from  the  pres¬ 
sure  data  (Fig.  3)  are  presented  in  Fig.  5.  The  primary  function  of  this 
data  presentation  was  to  permit  evaluation  of  the  stagnation  point  Mach 
/dM A 

number  gradient  I  S  I  .  Theoretical  comparisons  similar  to  those  in 

\S*/s 

Fig.  3  are  included.  Gradients  were  evaluated  by  measuring  the  slope 
of  the  data  fairing  at  the  stagnation  point.  Observation  of  the  data  will 
reveal  that  in  some  cases  (particularly  for  Model  A,  Fig.  5a)  it  was 
necessary  to  essentially  ignore  some  data  points  very  near  the  stagna¬ 
tion  point.  The  data  irregularities  were  attributed  to  tunnel  flow  non¬ 
uniformity,  and  by  weighting  outboard  readings  more  heavily,  consistent 
gradients  were  obtained. 
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A  correlation  of  the  stagnation  point  Mach  number  gradients  obtained 
from  Fig.  5  with  bluntness  is  presented  in  Fig.  6.  The  use  of  0*  as  a 
bluntness  correlation  parameter  is  suggested  by  Newtonian  theory  (see 

/dMg\ 

Eq.  (9)).  Although  the  level  of  the  gradients  I  ,S  I  was  not  accurately 

VW  s 

predicted  by  the  theory,  the  data  correlation  was  adequate  to  permit  evalu¬ 
ation  of  gradients  for  shapes  of  arbitrary  bluntness. 

A  comparison  of  the  present  test  results  with  experimental  results 
from  supersonic  tests  (Refs.  5  and  13)  is  presented  in  Fig.  7.  A  small 
extrapolation  of  the  Ref.  5  data  was  necessary  to  permit  comparison 
with  Models  B  and  C.  It  is  generally  concluded  that  free -stream  Mach 
number  effects  on  the  stagnation  point  Mach  number  gradient  in  the  hyper¬ 
sonic  flow  regime  were  small  and  essentially  within  experimental 
precision. 


An  interesting  observation  is  made  by  comparing  the  overall  Mach 

! dM  A 


number  trends  (M^  =  2  to  10)  of  the  parameter 


The  Model  C  and 


D  data  follow  the  trends  predicted  by  Newtonian  theory.  It  should  be  noted 
that  although  for  these  models  the  trends  are  opposite  (because  of  the 
variable  sonic  point  location  of  Model  D),  the  agreement  with  Newtonian 
theory  is  obvious.  For  Models  A  and  B,  however,  the  trend  is  reversed; 
f dM  ^ 


that  is. 


generally  decreases  with  Mach  number.  These  data 


suggest  that  for  this  family  of  bodies  a  basic  reversal  in  the  reaction  of 
the  stagnation  region  flow  to  free- stream  Mach  number  variation  exists 
at  a  bluntness  somewhere  between  that  of  Model  B  and  Model  C. 
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APPENDIXES 

I.  ILLUSTRATIONS 

II.  TABLE 
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c.  Model  C 
Fig.  5  Continued 
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Fig.  6  Stagnation  Point  Mach  Number  Gradient  Correlation  with  Bluntness 
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TABLE  I 

PRESSURE  DATA  TABULATION 
Model  A 


6, 

deg 

S,  in. 

S/S* 

<P/Ps>m„  ■  6 

0 

0 

0 

1. 000 

1. 000 

1.000 

0.  29 

0.  10 

0.  999 

0.  999 

0.  999 

0.43 

0.  15 

0.  994 

0.  999 

0.  998 

0.  58 

0.  20 

0.  998 

0.  998 

0.  997 

0.  72 

0.25 

0.  995 

0.  996 

0.  998 

0.  87 

0.  30 

0.  989 

0.  995 

0.  996 

1.01 

0.  35 

0.  992 

0.  993 

0.  993 

1.  16 

0.40 

0.  987 

0.  990 

0.  991 

1.  30 

0.  45 

0.  981 

0.  987 

0.  987 

1.45 

0.  50 

0.  980 

0.  984 

0.  983 

1.59 

0.  55 

0.  974 

0.979 

0.  985 

1.74 

0.  60 

0.  968 

0.  974 

0.  979 

1.  88 

0.  65 

0.  963 

0.  969 

0.  969 

2.03 

0.  70 

0.  952 

0.  958 

0.  961 

2.  17 

0.  75 

0.  942 

0.  947 

0.  951 

2.32 

0.  80 

0.  929 

0.  935 

0.  934 

2.46 

0.  85 

0.  905 

0.  912 

0.  911 

2.61 

0.  90 

0.  877 

0.  880 

0.883 

2.75 

0.  95 

0.  839 

0.  844 

0.826 

2.  90 

1.00 

— 

— 
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TABLE  I  (Continued) 
Model  B 


Q,  deg 

S,  in. 

S/S* 

<p/ps>M.  .  6 

<P/ps>M„  ■  8 

(p/ps)Moo  =  10 

0 

0 

0 

1.000 

1.  000 

1.000 

2 

0.40 

0.  14 

0.  996 

0.  997 

0.  996 

4 

0.  81 

0.  28 

0.  986 

0.  990 

0.  987 

6 

1.21 

0.41 

0.  971 

0.  977 

0.  978 

8 

1.  62 

0.  55 

0.  952 

0.  956 

0.  963 

10 

2.02 

0.  69 

0.  920 

0.  924 

0.  936 

12 

2.  43 

0.  83 

0.870 

0.  871 

0.  883 

14 

2.  83 

0.  97 

0.  733 

0.  740 

0.  742 

14.  48 

2.  93 

1.00 

— 

— 

— 

•  Model  C 


Q,  deg 

S,  in. 

S/S* 

<P/P=>M.  =  6 

<P/ps>M„  ■  8 

o 

rH 

II 

8 

S 

a 

31 

0 

0 

0 

1.000 

1.  000 

1.  000 

3 

0.  30 

0.  10 

0.  998 

0.  997 

0.  997 

6 

0.  61 

0.  20 

0.  989 

0.  987 

0.  986 

9 

0.  91 

0.  30 

0.  972 

0.  971 

0.  967 

12 

1.  21 

0.  40 

0.  949 

0.  948 

0.  944 

15 

1. 52 

0.  50 

0.  919 

0.  919 

0.  917 

18 

1.  82 

0.  60 

0.  887 

0.  884 

0.  884 

21 

2.  13 

0.  70 

0.  843 

0.  842 

0.844 

24 

2.43 

0.  80 

0.  791 

0.  790 

0.  793 

27 

2.  73 

0.  90 

0.  721 

0.  720 

0.  724 

30 

3.04 

1.  00 

... 

— 
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TABLE  I  (Concluded) 
Model  D 


6,  deg 

<P/PS>M,  8 

Wll.  - 10® 

0 

0 

. 

.  1.  000 

1.  000 

1.  000 

5 

0.  25 

— 

— 

0.  992 

10 

0.  51 

0.  974 

0.  972 

0.  963 

15 

0.  76 

— 

— 

0.  923 

20 

1.  01 

0.  862 

0.  876 

0.  871 

25 

1.26 

— 

— 

0.  798 

30 

1.  52 

0.  713 

0.  732 

0.  727 

35 

1.  77 

— 

— 

0.  637 

40 

2.02 

0.  554 

0.  562 

0.  555 

45 

2.  28 

— 

— 

0.467 

50 

2.  53 

0.  396 

0.  395 

0.  388 

55 

2.  78 

— 

— 

0.  312 

60 

3.04 

0.  260 

0.255 

0#  2o2 

65 

3.  29 

— 

0.  194 

70 

3.  54 

0.  158 

0.  154 

0.  152 

75 

3.  80 

— 

— 

0.  114 

80 

4.  05 

0.  089 

0.085 

0.  085 

85 

4.30 

— 

0.  062 

90 

4.  55 

0.049 

0.047 

0.  046 

Mm  S*,  in. 


6 

8 

10 

®Data  from  Ref. 
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